APPARATUS FOR CONTROLLING BRUSHLESS MOTOR 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an apparatus 
for controlling a salient -pole DC brushless motor by con- 
trolling armature currents of the motor based on a rotor 
angle thereof which is detected without using a position 
detection sensor. 
Description of the Related Art : 

For energizing a DC brushless motor to produce 
a desired torque, it is necessary to apply voltages to 
the armatures in suitable phases corresponding to the 
electric angle of the rotor (hereinafter referred to as 
"rotor angle") which has magnetic poles. There have been 
proposed various processes of detecting a rotor angle 
without using a position detection sensor in order to re- 
duce the cost of the DC brushless motor and a motor con- 
trol apparatus therefor by way of dispensing with any po- 
sition detection sensor for detecting the rotor angle. 

The inventors of the present application have 
proposed a rotor angle detector for detecting a rotor an- 
gle of a DC brushless motor without using a position de- 
tection sensor in an earlier patent application (Japanese 
patent laid-open publication No. 2002-320398). The dis- 
closed rotor angle detector operates as follows: When 



high-frequency voltages are added to drive voltages that 
are applied to three-phase armatures of a salient-pole DC 
brushless motor, the rotor angle detector uses a detected 
value of a current flowing through the first -phase arma- 
ture, a detected value of a current flowing through the 
second-phase armature, and high-frequency components de- 
pending on the high-frequency voltages to calculate a 
sine reference value depending on the sine value of a 
twofold angle which is twice the rotor angle of the DC 
brushless motor and a cosine reference value depending on 
the cosine value of the twofold angle. Then, the rotor 
angle detector calculates the rotor angle of the DC 
brushless motor using the sine reference value and the 
cosine reference value which have been calculated. 

When a rotor angle is detected using the sine 
reference value and the cosine reference value, the de- 
tected rotor angle has a period of 180 degrees. In order 
to detect a rotor angle in a range of 360 degrees, it is 
necessary to detect the orientation of the magnetic poles 
of the rotor at the time the motor starts rotating. 

If the time required to detect the orientation 
of the magnetic poles of the rotor is long, then the mo- 
tor suffers a delayed start. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present in- 
vention to provide an apparatus for controlling a DC 
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brushless motor to reduce the time required to detect the 
orientation of the magnetic poles of the rotor of the DC 
brushless motor. 

According to the present invention, there is 
provided an apparatus for controlling a salient -pole DC 
brushless motor having armatures in three phases, com- 
prising voltage applying means for applying drive volt- 
ages to the armatures, high-frequency adding means for 
adding high-frequency voltages to the drive voltages, 
first current detecting means for detecting a current 
flowing through an armature in a first phase of the arma- 
tures in the three phases, second current detecting means 
for detecting a current flowing through an armature in a 
second phase of the armatures in the three phases, and 
reference value extracting means for extracting a sine 
reference value depending on the sine value of a twofold 
angle which is twice a rotor angle of the motor and a co- 
sine reference value depending on the cosine value of the 
twofold angle, using a first current value detected by 
the first current detecting means and a second current 
value detected by the second current detecting means when 
the high-frequency voltages are added to the drive volt- 
ages by the high-frequency adding means, and high- 
frequency components depending on the high-frequency 
voltages . 
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The apparatus also has rotor angle calculating 
means for calculating a rotor angle of the motor using 
the sine reference value and the cosine reference value, 
three -phase/dq converting means for handling the motor as 
an equivalent circuit having a q-axis armature disposed 
on an q-axis in the direction of magnetic fluxes from a 
rotor of the motor and a d-axis armature disposed on a d- 
axis which is perpendicular to the q-axis, and calculat- 
ing a detected q-axis current flowing through the q-axis 
armature and a detected d-axis current flowing through 
the d-axis armature based on the rotor angle of the motor 
which is calculated by the rotor angle calculating means , 
the first current value, and the second current value, 
current control means for determining the drive voltages 
in order to eliminate a q-axis current difference which 
is the difference between the detected q-axis current and 
a predetermined q-axis command current and a d-axis cur- 
rent difference which is the difference between the de- 
tected d-axis current and a predetermined d-axis command 
current, and magnetic pole detecting means for carrying 
out a magnetic pole detecting process to detect the ori- 
entation of the magnetic poles of the rotor based on a 
magnetic pole reference value calculated by a predeter- 
mined calculating process, depending on the sine refer- 
ence value and the cosine reference value which are ex- 
tracted by the reference value extracting means when the 
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q-axis command value is set to a predetermined magn tic 
pole detecting current. 

The current control means performs a propor- 
tional plus integral process on the difference between 
the detected q-axis current and the q-axis command cur- 
rent to calculate the q-axis current difference and also 
performs a proportional plus integral process on the dif- 
ference between the detected d-axis current and the d- 
axis command current to calculate the d-axis current dif- 
ference when the magnetic pole detecting process is not 
carried out, and performs an integral process only on the 
difference between the detected q-axis current and the q- 
axis command current to calculate the q-axis current dif- 
ference and also performs an integral process only on the 
difference between the detected d-axis current and the d- 
axis command current to calculate the d-axis current dif- 
ference when the magnetic pole detecting process is car- 
ried out. 

With the above arrangement, when the magnetic 
pole detecting process is carried out, the current con- 
trol means performs an integral process only on the dif- 
ference between the detected q-axis current and the q- 
axis command current to calculate the q-axis current dif- 
ference and also performs an integral process only on the 
difference between the detected d-axis current and the d- 
axis command current to calculate the d-axis current dif- 
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ference. Therefore, when the q-axis command current is 
set to the magnetic pole detecting current, the current 
control means controls the current flowing through the q- 
axis armature to pass the magnetic pole detecting current 
through the q-axis armature without causing a delay which 
would otherwise result from an integral process. 

In this case, the time spent after the q-axis 
command current is set to the magnetic pole detecting 
current until currents depending on the magnetic pole de- 
tecting current are detected by the first current detect- 
ing means and the second current detecting means. There- 
fore, the time required until the sine reference value 
and the cosine reference value depending on the magnetic 
pole detecting current and the magnetic pole reference 
value calculated depending on the magnetic pole detecting 
current are obtained. 

Accordingly, the time required to detect the 
orientation of the magnetic poles of the rotor of the mo- 
tor based on the magnetic pole reference value according 
to the magnetic pole detecting process is shortened. 

The magnetic pole detecting means sets a first 
magnetic pole detecting current and a second magnetic 
pole detecting current which is opposite in direction to 
the first magnetic pole detecting current as the magnetic 
pole detecting current, and detects the orientation of 
the magnetic poles of the rotor based on the difference 
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between a first magnetic pole reference value calculated 
by the predetermined calculating process depending on the 
sine reference value and the cosine reference value which 
are extracted by the reference value extracting means 
when the first magnetic pole detecting current is set, 
and a second magnetic pole reference value calculated by 
the predetermined calculating process depending on the 
sine reference value and the cosine reference value which 
are extracted by the reference value extracting means 
when the second magnetic pole detecting current is set. 

With the above arrangement, as described in 
detail later on, the sign of the difference between the 
first magnetic pole reference value calculated when the 
first magnetic pole detecting current is set as the mag- 
netic pole detecting current and the second magnetic pole 
reference value calculated when the second magnetic pole 
detecting current is set as the magnetic pole detecting 
current is inverted depending on the orientation of the 
magnetic poles of the rotor. Therefore, the magnetic 
pole detecting means can detect the orientation of the 
magnetic poles of the rotor based on the difference be- 
tween the first magnetic pole reference value and the 
second magnetic pole reference value. 

The reference value extracting means extracts 
the sine reference value and the cosine reference value 
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respectively according to the following equations (1), 
(2): 

Vs= jcos2o>tcos(<yt +^)Iu - cos2<ytcos<yt • Iwjdt •••(!) 

Vc= -J™ |sin2ft>tcos(o;t +^tt) Iu - sin2a>tcoso>t Iwjdt • • • (2) 

where Vs: the sine reference value, Vc: the cosine refer- 
ence value, Iu: the first current value, Iw: the second 
current value, and co: the angular velocity of the high- 
frequency voltages. 

With the above arrangement, the reference 
value extracting means can calculate the sine reference 
value (Vs) and the cosine reference value (Vc) from the 
first current value (Iu), the second current value (Iw), 
and the angular velocity of the high-frequency voltages. 
The rotor angle calculating means can calculate the rotor 
angle of the motor using the sine reference value (Vs) 
and the cosine reference value (Vc). The magnetic pole 
detecting means can detect the orientation of the mag- 
netic poles of the rotor based on the magnetic pole ref- 
erence value which is calculated depending on the sine 
reference value (Vs) and the cosine reference value (Vc) . 

The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
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from the following description when taken in conjunction 
with the accompanying drawings which illustrate a pre- 
ferred embodiment of the present invention by way of ex- 
ample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a DC brush- 
less motor to be controlled by a brushless motor control 
apparatus according to the present invention; 

FIG. 2 is a block diagram of a motor control- 
ler as the brushless motor control apparatus according to 
the present invention for controlling the DC brushless 
motor shown in FIG. 1; 

FIGS. 3 and 4 are diagrams illustrative of a 
process of detecting the magnetic poles of a rotor; 

FIGS. 5(a) and 5(b) are diagrams showing a 
procedure for detecting an initial position of a rotor; 
and 

FIG. 6 is a diagram of a PI (Proportional plus 
Integral) processor of the motor controller shown in FIG. 
2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
As shown in FIG. 2, a motor controller 10, 
which serves as an apparatus for controlling a DC brush- 
less motor according to the present invention, controls 
currents flowing through armatures 3, 4, 5 of a salient- 
pole DC brushless motor 1 (hereinafter referred to as 
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"motor 1") shown in FIG. 1 according to a feedback con- 
trol process. The motor controller 10 handles an equiva- 
lent circuit that is converted from the motor 1, the 
equivalent circuit being of a dq coordinate system having 
a q-axis armature disposed on an q-axis which is the same 
as the direction of magnetic fluxes from the field mag- 
netic poles of a rotor 2 and a d-axis armature disposed 
on a d-axis which is perpendicular to the q-axis. 

The motor controller 10 controls the voltages 
applied to the three-phase armatures of the motor 1 so 
that a d-axis command current Id_c supplied from an ex- 
ternal source as a command value for a current flowing 
through the d-axis armature (hereinafter referred to as 
"d-axis current") and a q-axis command current Iq_c sup- 
plied from the external source as a command value for a 
current flowing through the q-axis armature (hereinafter 
referred to as "q-axis current") will be equalized re- 
spectively to a detected d-axis current Id_s and a de- 
tected q-axis current Iq_s which are calculated from de- 
tected values of currents actually flowing through the 
respective three-phase armatures of the motor 1 by a 
three-phase/dq conversion process. 

The motor controller 10 comprises a dq/3 -phase 
converter 20 for converting a command value Vd_c for a 
voltage applied to the d-axis armature (hereinafter re- 
ferred to as "d-axis voltage") and a command value Vq_c 
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for a voltage applied to the q-axis armature (hereinafter 
referred to as "q-axis voltage") into command values 
VU_c, W__c, VW_c for drive voltages applied respectively 
to the armatures in three phases U, V, W of the motor 1, 
a high-frequency adding unit 21 (corresponding to a high- 
frequency adding means according to the present inven- 
tion) for adding high-frequency voltages vu, w, vw re- 
spectively to the output voltages VU_c, W_c, VW_c from 
the dq/3-phase converter 20, and a power drive unit 22 
(corresponding to a voltage applying means according to 
the present invention) for applying drive voltages VU, 
W, VW depending on the voltages VUc, W_c, VW_c to which 
the high-frequency voltages vu, w, vw have been added, 
respectively to the armatures in the three phases U, V, W 
of the motor 1 . 

The motor controller 10 also comprises a U- 
phase current sensor 23 (corresponding to a first current 
detecting means according to the present invention) for 
detecting a current flowing through the armature in the U 
phase (corresponding to a first phase according to the 
present invention) of the motor 1, a W-phase current sen- 
sor 24 (corresponding to a second current detecting means 
according to the present invention) for detecting a cur- 
rent flowing through the armature in the W phase (corre- 
sponding to a second phase according to the present in- 
vention) of the motor 1, an angle detector 25 for detect - 
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ing a rotor angle 0 (see FIG* 1) of the motor 1 using a 
current value Iu_s detected by the U-phase current sensor 
23 and a current value Iw_s detected by the W-phase cur- 
rent sensor 24, a three-phase/dq converter 26 (corre- 
sponding to a three-phase/dq converting means according 
to the present invention) for calculating the detected d- 
axis current Id_s and the detected q-axis current Iq_s us- 
ing the current value Iu_s and the current value Iw_s , and 
a noninterference processor 27 for canceling the effects 
of velocity electromotive forces that interfere with each 
other between the d-axis and the q-axis. 

The motor controller 10 also has a first sub- 
tractor 28, a first PI processor 29, a first adder 30, a 
second subtractor 31, a second PI processor 32, and a 
second adder 33, 

The first subtractor 28 subtracts the detected 
d-axis current Id_s from the d-axis command current Id_c. 
The first PI processor 29 performs a PI (Proportional 
plus Integral) process on the difference produced by the 
first subtractor 28. The first adder 30 adds a noninter- 
ference component to a d-axis current difference output 
from the first PI processor 29, thus generating the com- 
mand value Vd_c for the d-axis voltage depending on the 
d-axis current difference. 

Similarly, the second subtractor 31 subtracts 
the detected q-axis current Iqi_s from the q-axis command 
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current Iq_c. The second PI processor 32 performs a PI 
process on the difference produced by the second subtrac- 
tor 31. The second adder 33 adds a noninterference com- 
ponent to a q-axis current difference output from the 
second PI processor 32, thus generating the command value 
Vq_c for the q-axis voltage depending on the q-axis cur- 
rent difference . 

The command value Vd_c for the d-axis voltage 
and the command value Vq__c for the q-axis voltage are 
supplied to the dq/3-phase converter 20. In this manner, 
the power drive unit 22 applies the three-phase voltages 
VU, W, VW to the respective armatures of the motor 1 in 
order to eliminate the difference between the d-axis com- 
mand current Id_c and the detected d-axis current Ids 
(the d-axis current difference) and the difference be- 
tween the q-axis command current Iq_c and the detected q- 
axis current Iq_s (the q-axis current difference), for 
thereby controlling the currents flowing through the ar- 
matures of the motor 1 . 

The first subtractor 28, the second subtractor 

31, the first PI processor 29, the second PI processor 

32, the dq/ three -phase converter 20, and the power drive 
unit 22 jointly make up a current control means according 
to the present invention. 

In order for the three- phase /dq converter 26 
to calculate the detected d-axis current Id s and the de- 
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tected q-axis current Iq_s from the current value Iu_s de- 
tected by the U-phase current sensor 23, the current 
value Iw_s detected by the W-phase current sensor 24, and 
the rotor angle 0 of the motor 1 according to the equa- 
tions (3), (4) shown below, the motor controller 10 needs 
to detect the rotor angle 9. 



gle 0 by adding the high-frequency voltages vu, w, vw 
(expressed by the equation (5) shown below) output from 
the high-frequency adding unit 21 respectively to the 
command values VU_c, W_c, VW_c for drive voltages applied 
respectively to the U, V, W phases, which command values 
VU_c, VV_c, VW_c are output from the dq/ 3 -phase converter 
20 without using a position detection sensor such as a 
resolver or the like. 




(4) 



The motor controller 10 detects the rotor an- 
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Specifically, a third adder 34 adds the high- 
frequency voltage vu to the command value VU_c, a fourth 
adder 35 adds the high-frequency voltage w to the com- 
mand value W_c, and a fifth adder 36 adds the high- 
frequency voltage vw to the command value VW_c. The an- 
gle detector 25 detects the rotor angle 6 using the cur- 
rent value Iu_s which is detected by the U-phase current 
sensor 23 and the current value Iw_s which is detected by 
the W-phase current sensor 23 when the high-frequency 
voltages vu, w, vw are added. The angle detector 25 
performs the functions of a reference value extracting 
means and a rotor angle calculating means according to 
the present invention. 

The angle detector 25 puts the current value 
Iu_s detected by the U-phase current sensor 23 and the 
current value Iw_s detected by the W-phase current sensor 
23 respectively into Iu, Iw in the equations (3), (4), 
puts an angular velocity co of the high-frequency voltages 
vu, w, vw in the equation (5) added by the high- 
frequency adding unit 21 into co in the equations (3), 
(4), and calculates a sine reference value Vs and a co- 
sine reference value Vc which are twice the rotor angle 9 
according to the following equations (6), (7): 
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Vs = J^" jcos2artcos(<yt + ^) Iu - cos2<wtcos<yt-Iw jdt 



3V3A/ „— 
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where Iudc: a DC component of the current flowing through 
the U-phase armature, and Iwdc: a DC component of the 
current flowing through the W-phase armature. 

Sine and cosine components with respect to cot 
in the equations ( 6 ) , ( 7 ) correspond to the high- 
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frequency components depending on the added high- 
frequency voltages according to the present invention. A 
calculation gain K in the equations (6), (7) is expressed 
by the following equation (8): 



K= m •"•<•> 

2 — J. ^PAC-ff 



2(/- m)*/ - A/ 2 — +3cos-^l 
V2 3 / 



where 1: a DC component of the self -inductance of each of 
the phases of the motor 1, Al: a change in the DC compo- 
nent 1, and m: a DC component of the mutual inductance 
between the phases of the motor 1. 

In the equations (6), (7), an integration pe- 
riod is set to 0 - 2jt/co to equalize integrated values 
with respect to the DC components Iudc, Iwdc of the cur- 
rents Iu, Iw to 0. However, if the currents Iu, Iw do 
not include DC components and are expressed by the equa- 
tions (9), (10) shown below, then the sine reference 
value Vs and the cosine reference value Vc can be calcu- 
lated even with an integration period being set to 0 - 
jc/co, according to the following equations (11), (12): 



r 3A/ i 

lu=K -(/-m)cos<yt cos(20-<yt) • ' ■ (9) 

L 2 J 



lw = K 



/ 2 \ 3A/ / 2 \1 

- (/-m)cos^t +— jtJ -—j-cos^20- cot + g^J • • • ( 10) 
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Vs =J^ jcos2o>tcos(<ut + ^) Iu- cos2<wtcosct>tIw jdt 

3V3A/ /■ 



= -K- 



- cos2<ytsin ( 2a>t - 2d) dt 



2 

3V3A/ J- 
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2 J ° 
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= -K f°\ cos 2(9- sin20ttt 

2 J° L 2 2 J 
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= K sin20 •(11) 



Vc=J^|sin2<wtcos(<wt +-^jt) Iu -sin2<wtcoscotlw jdt 
3-&M „- 

= K f" s±n2cots±n(2o}t- 20) dt 

2 J" 
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= K P sin2£»t ( sin2<ytcos20 - cos2<ytsin2#) dt 
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3V3A/ ri-cos4<yt „ sin4a>t 1 

= K P" cos20- sin20ttt 

2 J° L 2 2 J 

3V3A/ 
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The rotor angle 6 of the motor 1 can be calcu- 
lated according to the following equation (13) based on 
the equations (6), (7) or the equations (11), (12): 

*-|ta»^ •••(13) 



The tan" 1 function changes largely as the sine 
reference value Vs and the cosine reference value Vc 
change. Therefore, when the rotor angle 9 of the motor 1 
is calculated according to the equation (13), an error in 
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detecting the rotor angle 8 may possibly become large due 
to an error caused in calculating the sine reference 
value Vs and the cosine reference value Vc. 

To avoid the above error, the angle detector 
25 calculates a rotor angle of the motor 1 according to 
the above equation (15) at a first sampling time, and 
then at next and subsequent sampling times, calculates, 
based on the equation (14) shown below, A9 expressed by 
the equation (15) shown below as phase difference data 
depending on the phase difference (9 - 9* ) between an es- 
timated value 9" of the rotor angle and an actual value 9 
of the rotor angle, and calculates a rotor angle accord- 
ing to a follow-up calculation process effected by an ob- 
server represented by the equation (16) shown below which 
is constructed to eliminate the phase difference (8 - 
8~). 

In this case, changes in the gain due to 
changes in the magnitude (V(Vs 2 + Vc 2 ) of the high- 
frequency components can be suppressed for increased sta- 
bility in calculating the rotor angle. 

Vscos20- Vc- sin20 - Vvs 2 + Vc 2 sin ( 20 - 20) 

~Jvs? + Vc 2 -2(0-6) (if {0- 0)«O) 

• • • (14) 
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A9 = 2(6 - 6) -sin( 20 - 2d) 



Vs cos2<9 - Vcsin20 

_ ...(15) 

V Vs 2 + Vc 2 



l0(n + l) 



[1 Atlf^njl fKll2(0(n)-fl(n)) 



[<5(n+l)J [o 1 J[w(n)J + [K2j Vvs 2 + Vc 2 



(16) 



where 6(n) , 8~(n), oT(n) represent actual and estimated 
values of the rotor angle 0 and an estimated value of the 
angular velocity co of the rotor 2, respectively, at a 
certain sampling time n, 8~(n+l), oT(n+l) represent an 
estimated value of the rotor angle 8 and an estimated 
value of the angular velocity co of the rotor 2, respec- 
tively, at a next sampling time n+1. At represents a sam- 
pling period, and Kl, K2 represent calculation gains. 

If the angle detector 25 has its calculation 
ability so poor that it poses a problem on the time re- 
quired to calculate the square root in the equation (15), 
then the equation (15) may be approximated by the follow- 
ing equation (17): 



A0 = 2 (0 - 0) «sin( 29 - 26) 

'Vs cos20- Vc sin20 



1 



(|vsj > |vcj) 



Ivsl 

X - —(17) 

Vs cos20- Vc sin20 , . , . 

H — ~~ w>|v * 



In the present embodiment, the angle detector 
25 integrates the high-frequency components that change 
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with time according to the equations (6), (7), thereby 
calculating the sine reference value Vs and the cosine 
reference value Vc which are twice the rotor angle 9. 
Alternatively, the angle detector 25 may output the sine 
reference value Vs and the cosine reference value Vc 
through a low-pass filter. 

The motor 1 comprises a salient -pole DC brush- 
less motor and the inductance in the gap of the rotor 2 
changes at a period which is 1/2 of the rotor angle, the 
rotor angle can be calculated in an electrical angle 
range from 0 to 180° or from 180° to 360° . In order to 
detect a rotor angle in a range from 0° to 360° , it is 
necessary to detect the orientation of the magnetic poles 
of the rotor 2. 

A current (Iq) is passed through the q-axis 
armature to generate a magnetic field in the direction of 
the q-axis, i.e., in the direction of the magnetic flux 
of the magnet of the rotor 2. As shown in FIG. 3, in a 
saturated state in which the direction of the magnetic 
field (Bs) generated by the current (Iq) and the direc- 
tion of a magnetic field (Bm) generated by the rotor mag- 
net are the same as each other, Al (a change in the DC 
component 1 of the self -inductance of each of the phases 
U, V, W) is large, resulting in a large flux density of 
the total magnetic field (Bt). 
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In an unsaturated state in which the direction 
of the magnetic field (Bs) generated by the current (Iq) 
and the direction of the magnetic field (Bm) generated by 
the rotor magnet are different from each other, the 
change Al is small, resulting in a small flux density of 
the total magnetic field (Bt). 

Therefore, a magnetic pole reference value A 
calculated from the sine reference value Vs and the co- 
sine reference value Vc (calculated according to the 
equations (6), (7)), which vary depending on the value of 
Al, according to the following equation (18) (correspond- 
ing to a predetermined calculating process according to 
the present invention) when the rotor 2 is in the satu- 
rated state differs from a magnetic pole reference value 
A calculated in the same manner when the rotor 2 is in 
the unsaturated state. 

A = Vvs 2 +Vc 2 • • • ( 18 ) 

The angle detector 25 calculates a sine refer- 
ence value Vs and a cosine reference value Vc according 
to the above equations (6), (7) from the detected current 
values which are produced by the W-phase current sensor 
24 and the U-phase current sensor 23 while the high- 
frequency voltages vu, w, vw are being added by the 
high-frequency adder 21 and a first magnetic pole detect - 
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ing current is being passed through the q-axis armature. 
The angle detector 25 uses a magnetic pole reference 
value A calculated from the sine reference value Vs and 
the cosine reference value Vc according to the equation 
(18), as a first magnetic pole reference value Ai. 

Similarly, the angle detector 25 calculates a 
sine reference value Vs and a cosine reference value Vc 
according to the above equations (6), (7) from the de- 
tected current values which are produced by the W-phase 
current sensor 24 and the U-phase current sensor 23 while 
the high-frequency voltages vu, w, vw are being added by 
the high-frequency adder 21 and a second magnetic pole 
detecting current, which is opposite in direction to the 
first magnetic pole detecting current, is being passed 
through the q-axis armature. The angle detector 25 uses 
a magnetic pole reference value A calculated from the 
sine reference value Vs and the cosine reference value Vc 
according to the equation (18), as a second magnetic pole 
reference value A 2 . 

The difference A A (AA = A x - A 2 ) between the 
first magnetic pole reference value Ai and the second mag- 
netic pole reference value A 2 changes as shown in FIG. 4. 
FIG. 4 represents a graph of values of the difference AA 
calculated at different rotor angles of the motor 1 and 
detected values R of the rotor angle which are plotted 
over the values of the difference AA. In FIG. 4, the 
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difference AA has its sign inverted when the rotor angle 
is 360° and 180° . Therefore, the angle detector 25 can 
detect the orientation of the magnetic poles of the rotor 
2 based on the sign of the difference AA. 

FIGS. 5(a) and 5(b) show a procedure expressed 
as a time sequence for detecting the rotor angle of the 
rotor 1 and the orientation of the magnetic poles of the 
rotor 2. Specific details of the procedure for detecting 
the rotor angle of the rotor 1 and the orientation of the 
magnetic poles of the rotor 2 with the angle detector 25 
will be described below with reference to FIGS. 5(a) and 
5(b). 

When the motor 1 is instructed to start oper- 
ating at time t 0 in FIG. 5(a), the high-frequency adder 21 
starts adding the high-frequency voltages vu, w, vw. At 
a first sampling time, the angle detector 25 detects a 
rotor angle of the motor 1 according to the above equa- 
tion (13) (t 0 - ti). At next and subsequent sampling 
times, the angle detector 25 detects a rotor angle ac- 
cording to the follow-up calculation process effected by 
the observer represented by the equation (16). 

Then, the angle detector 25 carries out a 
process of detecting the magnetic poles of the rotor 2 of 
the motor 1 ((t 2 - t 5 ). In the process of detecting the 
magnetic poles, the angle detector 25 sets the q-axis 
command current Iq_c to a first magnetic pole detecting 
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current Iq pi (Iq_c = Iq pi) , and calculates a first mag- 
netic pole reference value Ai according to the equation 
(18) (t 2 - t 3 ). Then, the angle detector 25 sets the q- 
axis command current Iq_c to a second magnetic pole de- 
tecting current Iq_p2 (Iq_c = Iq p2) . and calculates a 
second magnetic pole reference value A 2 according to the 
equation (18) (t 4 - t 5 ). 

The angle detector 25 detects the orientation 
of the magnetic poles of the rotor 2 from the sign of the 
difference AA (AA = Ai - A 2 ) between the first magnetic 
pole reference value Ai and the second magnetic pole ref- 
erence value A 2 . The detection of an initial position of 
the rotor 2 is now completed. The orientation of the 
magnetic poles of the rotor 2 may be detected once at the 
time of starting operation of the motor 1. Subsequently, 
the rotor angle can be detected in the range from 0 to 
360 degrees from the transition of the rotor angle. 

If the time required to detect the magnetic 
poles of the rotor 2 is long, then the time spent before 
the torque control for the motor 1 is long. As shown in 
FIG. 5(b), in the process of detecting the magnetic 
poles, the angle detector 25 inhibit the integrating 
process in the first PI processor 29 and the second PI 
processor 32, but allow them to the proportional process 
only. 
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Specifically, as shown in FIG. 6, the first PI 
processor 29 comprises a multiplier 40 having a propor- 
tionality coefficient Kp, an integrator 41, a multiplier 
42 having an integration coefficient Ki, and an adder 43. 
The angle detector 25 applies a parameter In_off which 
indicates an inhibition of the integrating process to the 
first PI processor 29 to make the integration coefficient 
Ki nil, allowing the first PI processor 29 to carry out 
the proportional process only. 

The second PI processor 32 is identical in 
structure ot the first PI processor 29. The angle detec- 
tor 25 also applies the parameter In_off to the second PI 
processor 32 to make the integration coefficient Ki nil, 
allowing the second PI processor 32 to carry out the pro- 
portional process only. 

Rather than making the integration coefficient 
Ki nil, the integrators 41 of the first PI processor 29 
and the second PI processor 32 may be inhibited from ac- 
cumulating data to make the accumulated value nil, so 
that the first PI processor 29 and the second PI proces- 
sor 32 may be inhibited from carrying out the integrating 
process, but may be allowed to carry out the proportional 
process only. 

The integrating process carried out by the 
first PI processor 29 and the second PI processor 32 
serves to suppress variations in the currents flowing 
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through the armatures of the motor 1 for ther by increas- 
ing the stability of current control during rotation of 
the motor 1. If the integrating process is carried out 
by the first PI processor 29 and the second PI processor 
32 while the process of detecting the magnetic poles is 
being performed, then the integrating process acts to 
suppress an increase in the q-axis current difference 
when the q-axis command current Iq_c is set to the first 
magnetic pole detecting current Iq pi and the second mag- 
netic pole detecting current Iq p2 . 

Therefore, a delay time after the q-axis com- 
mand current Iq_c is set to the first magnetic pole de- 
tecting current Iq pi and the second magnetic pole de- 
tecting current Iq_p2 until the first magnetic pole de- 
tecting current Iq pi and the second magnetic pole de- 
tecting current Iq p2 actually flow through the armatures 
of the motor 1 is increased, resulting in an increased 
time required to detect the magnetic poles of the rotor 
2. 

To avoid the above drawback, when the process 
of detecting the magnetic poles is carried out, the first 
PI processor 29 and the second PI processor 32 are inhib- 
ited from carrying out the integrating process, thus re- 
ducing the delay time after the q-axis command current 
Iq_c is set to the first magnetic pole detecting current 
Iq pi and the second magnetic pole detecting current Iq p2 



- 27 - 



until the first magnetic pole detecting current Iq pi and 
the second magnetic pole detecting current Iq_p2 actually 
flow through the armatures of the motor 1. 

Consequently, the time (t 2 - t 5 ) required to 
carry out the process of detecting the magnetic poles to 
detect the orientation of the magnetic poles of the rotor 
2 based on the sign of the difference AA between the 
first magnetic pole reference value A x depending on the 
first magnetic pole detecting current Iq pi and the sec- 
ond magnetic pole reference value A 2 depending on the sec- 
ond magnetic pole detecting current Iq p2 is shortened. 
Therefore, the time (t 0 - t 5 ) required after the motor 1 
is instructed to start operating until the motor 1 starts 
outputting its torque is reduced. 

According to another process of detecting the 
orientation of the magnetic poles of the rotor 2, a mag- 
netic pole detecting current in one direction is passed 
through the q-axis armature, and the magnetic pole refer- 
ence value A calculated at this time according to the 
equation (18) is compared with a predetermined threshold 
to detect the orientation of the magnetic poles of the 
rotor 2. In this process, the first PI processor 29 and 
the second PI processor 32 may be inhibited from carrying 
out the integrating process, but allowed to carry out the 
proportional process only, thus reducing the time re- 
quired to detect the orientation of the magnetic poles of 
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the rotor 2 and hence to reduce the time required until 
the motor 1 starts outputting its torque. 

Although a certain preferred embodiment of the 
present invention has been shown and described in detail, 
it should be understood that various changes and modifi- 
cations may be made therein without departing from the 
scope of the appended claims. 
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